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Abstract 
The severe acute respiratory syndrome SARS-CoV-2 pandemic has posed significant challenges to 
hospital and public health systems in the United States. In response to a shortage in nasopharyngeal 
swabs, our institution developed, tested, and deployed 3D-printed swabs to obtain a specimen for testing. 
A patient was tested in preparation for a scheduled Esophagogastrodeuodenoscopy. During the 
procedure the swab broke and a portion remained in the superior meatus and olfactory cleft. This case 
study describes the process of locating and removing the broken sections of the 3D-printed swab. In 
response to this incident, 3D-printing teams test swabs for sample collection and rheology with an 
elongation test. Additionally, we have implemented just-in-time training for staff including point-of-care 
durability testing, model simulation with feedback to ensure accurate trajectory, and suggestions on how 
to address anatomic and other challenges. 
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challenges to hospital and public health 
systems in the United States. In response 
to a shortage in nasopharyngeal swabs, our 
institution developed, tested, and deployed 
3D-printed swabs to obtain a specimen for 
testing. A patient was tested in preparation for 
a scheduled Esophagogastrodeuodenoscopy. 
During the procedure, the swab broke and 
a portion remained in the superior meatus 
and olfactory cleft. This case study describes 
the process of locating and removing the 
broken sections of the 3D-printed swab. In 
response to this incident, 3D-printing teams 
initiated testing the swabs used for sample 
collection and rheology with an elongation 
test. Additionally, we have implemented just-
in-time training for staff, including point-of-
care durability testing, model simulation with 
feedback to ensure accurate trajectory, and 
suggestions on how to address anatomic and 
other challenges.
Introduction
The severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) pandemic and 








health systems in the United States. At the 
current time, RT-PCR is the primary means of 
testing. The timing and location of specimen 
collection for SARS-CoV-2 play an important 
role in diagnosis.1,2and is sustained by severe 
acute respiratory syndrome coronavirus 2 
(SARS-CoV-2 Similar to other sites across 
the country, our institution has experienced 
supply chain challenges, including obtaining 
swabs for specimen collection.3 This scarcity 
in resources has resulted in increased 
innovation, including the production of 
3D-printed nasopharyngeal (NP) swabs. 
Our institution developed, tested, and 
deployed 3D-printed swabs, starting in 
early April 2020. Here we present a case of 
a fractured NP swab requiring endoscopic 
retrieval. We will discuss design implications 
as institutions across the country take to 
similar measures to address the NP swab 
shortage. 
Case
The NP swabs used were 3D printed, 
manufactured in sections, cured together and 
sterilized via Sterrad (Figure 1A). 
An inpatient was scheduled for 
Esophagogastrodeuodenoscopy (EGD) for 
melena with positive fecal occult blood test. 
Because EGD is a high risk/aerosol generating 
procedure (AGP), COVID-19 testing was 








discomfort. When the swab was pulled out of 
the nose, only 1/2 - 2/3 length of the swab was 
removed (Figure 1B). 
On exam with nasal speculum and headlight, 
a dobhoff tube was noted in the left nasal 



















swab was appreciated, prompting right 
nasal endoscopy and retrieval. Appropriate 
COVID-19 PPE for an APG was used. 
Decongestion and anesthesia were achieved 






















was accessed endoscopically along the top of 
the inferior turbinate under the free edge of 










the nasal cavity, which was suctioned along 
with mucus. There were no swab remnants 
visualized in the nasopharynx nor the middle 
meatus. 
The endoscope was then inserted medial to 
the middle turbinate, with visualization of the 
superior meatus and olfactory cleft. Remnants 
of the broken swab were found in this area. 
Using an alligator forceps, a 1 cm swab 
remnant was retrieved from the olfactory 
cleft. Reconstruction of the broken swab 
revealed that a portion of the swab was still 
missing. More thorough evaluation into the 
superior meatus allowed visualization of the 
remainder of the swab, which was removed 
with alligator forceps. The patient tolerated 
this well and experienced immediate relief. 
Discussion
Due to the scarcity of NP swabs, 3D-printing 
is a method used by a number of institutions 
to combat the supply chain challenges. In 
response to this incident, we have partnered 
closely with 3D-printing teams who are 
responsible for testing the swabs used for 
sample collection and rheology with an 
elongation test. We have implemented just-
in-time training for staff, including point-of-
care durability testing, model simulation with 
feedback to ensure accurate trajectory, and 










published testing protocol for NP swab 
prototypes. We present a case of a patient with 
challenging anatomy, obstructing medical 
devices (NG tubes, bridles) all of which are 
commonplace in the inpatient setting. We 
recommend caution in such patients as this 
may direct the swab superiorly. In addition to 
a nasal examination, we recommend visual 
inspection of the swab prior to inserting into 
the sample tube to verify full extraction. 
https://doi.org/10.32873/unmc.dc.gmerj.2.1.071
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Figure 1A. Dimensions of the 3D printed swab.
Figure 1B. A side-by-side comparison of a nasopharyngeal swab and the two sections removed from 
the patient.
1A. 1B.
